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Abstract 
Four grapevine varieties cultivated in Romania, two known from ancient times (Tamâioasa româneasca and Italian Riesling) and 
the other two derived by cross-breeding or free-pollination from these (Sarba and Alb Aromat, respectively) were cultivated in 
the same conditions and vinified by using the same technology, so that the assessment of their volatile profile with an electronic 
nose would reflect only their differences and similarities. Sarba variety was obtained in 1972 in Odobesti region and is 
supposedly genetically related to Italian Riesling and a muscat-type grape. Although the research information is scarce and some 
popular sources cite as ancestors either the Italian Riesling or the Tamâioasa, while some other mention both, the Vitis 
International Variety Catalogue (http://www.vivc.de/) mentions as pedigree ancestors confirmed by markers the Italian Riesling 
and Muscat of Hambourg. As for the Alb Aromat variety it was obtained at the Pietroasa Research station by self-pollination of 
Tamâioasa and officially registered in 1999. It may also have in its pedigree the grape Maria Pirovano, as mentioned in the Vitis 
International Variety Catalogue. Both these new varieties are semi-aromatic, with a muscat-based aroma profile derived from the 
parent aromatic variety. The resulted wines were analyzed with a double column gas-chromatograph functioning as an electronic 
nose, providing fingerprints of the volatile substances profile for each sample. The statistical analysis of the volatile profiles 
confirmed that Sarba is likely to have a parent-offspring relationship with both Italian Riesling and Tamâioasa (or other muscat-
type grape), while the Alb Aromat has a closer profile only to Tamâioasa. More detailed studies are needed to confirm the exact 
parentage of these two grape varieties, as well as the applicability of the electronic nose as a fast and economic, but at the same 
time adequate instrument, for assessing parentage relationships among grape varieties. 
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1. Introduction 
In recent years many studies are focusing on the parentage of autochthonous varieties of several viticultural 
countries (Grapenet project FA1003). Germplasm resources and genetic diversity in grapes is an important basis for 
new varieties development. The genetic diversity that exists today in grapevines and the consequent diversity of the 
produced wines is a result of vineyard cultural practices over the years and centuries, for some few records being 
available.  
In this context we considered useful to revisit the knowledge regarding the parentage of two Romanian Vitis 
vinifera L. varieties, namely Sarba and Alb Aromat.  
Sarba (pronounced as in Sharba) is a Romanian variety obtained from a freely pollinated Italian Riesling seed in 
Odobesti Research Station of Wine and Vine in 1956 (Poenaru, 1958) and got its initial name as Riesling aromat 12/18 
(Popescu and Sandu-Ville, 1970), later on being named after the Sarba Hill, a famous vineyard located near Odobesti.   
The first documents published on Sarba at Odobesti are mentioning only the Italian Riesling as the genitor of Sarba, the 
variety being a natural hybrid of Italian Riesling (Popescu et al., 1976). The cultivar was homologated in 1972 by Popescu 
Gh., Oslobeanu M. and Poenaru I. as a creation of this Research Station (Popescu et al., 1976). The wines were described 
in the scientific literature of the following years as being specific to semi-aromatic wines (Popescu et al., 1976, 1983a), 
with a good extractivity (Popescu et al., 1983b). As a semi-aromatic wine and compared in 1983 to wines of Feteasca 
regala and Muscat Ottonel, Sarba proved to have technological and sensory traits more closer to Muscat Ottonel (Popescu 
et al., 1983a), confirming even from the beginning a lineage from a terpenic variety.  
Many years after that, no other publications were available, except those citing the old bibliographic sources 
(Rotaru, 2009). Later on, based on the observation that sensorially the traits of Sarba wines resemble more 
Tamâioasa româneasca wines, a muscat-type variety, rather than Italian Riesling, a neutral-aroma variety, in most 
non-scientific publications and wineries web-sites Sarba was always referred as either a hybrid of Tamâioasa 
româneasca and Italian Riesling (www.vinpenet.ro; www.savoarea vinului.ro; www.cramagirboiu.ro) or only as 
descendent from Tamâioasa româneasca (www.oniv.ro; www.casapanciu.ro;).   
At international level, the Vitis International Variety Catalogue (last updated on 02.12.2014, www.vivc.de) 
mentions as pedigree ancestors confirmed by markers the Italian Riesling (Welschriesling) and another terpenic 
variety, Muscat of Hambourg. In this catalogue the variety has VIVC number 10738. The recordings in The 
European Vitis Database (last updated on 23.01.2013, www.eu-vitis.de/index.php) for Sarba four accessions are 
reported (accession number: ROM 13-0072, ROM045-217, ROM 16-115, ROM 06-0119) all mentioning as 
pedigree just “Italian Riesling - free pollination”.   
The Alb aromat is a variety homologated in 1998 as a semi-aromatic grape for white wines by the Pietroasa 
Research Station for Wine and Vine (www.pietroasaveche.ro). It yields up to 16 t/ha with a sufficient accumulation 
of sugar, 195 g/l on average.   
In the Vitis International Variety Catalogue (last updated on 29.09.2014) for Alb Aromat the pedigree ancestors 
confirmed by markers are stated as Tamâioasa Româneasca (Muscat a petits grains blancs) and IP 165 (Maria 
Pirovano, a hybrid Zibibbo x Sultanina Bianca). In this catalogue the variety has VIVC number 23101, the breeder 
being Sofia Ispas from the Research Station Pietroasa.  
In The European Vitis Database (last updated on 24.11.2014) for Alb Aromat, for accession ROM 06-0003 the 
ancestors are recorded as Tamâioasa româneasca x Incrocio Pirovano 165, for accession ROM 13-0003 kept at 
Pietroasa where the cultivar was homologated only Tamâioasa româneasca is mentioned, while for the accession 
ROM051-004 no pedigree is recorded. Moreover, the breeder from Pietroasa mentions in 2013 in a collaborative 
work (Stroe et al., 2013) that Alb Aromat is actually a descendent of only Tamâioasa româneasca, while another of 
their creations, Istrita is a cross of Tamâioasa româneasca x Maria Pirovano. 
As we can see, the sources are not always in agreement and the parentage for these varieties is still unclear. 
In general, the parentage is established by genetic studies, various techniques being nowadays available. Some 
researchers have used simple sequence repeats (SSRs), also known as micro-satellite markers, to confirm parentage 
for closely related grape varieties (Goryslavets et al., 2010; Cipriani et al., 2010). As micro-satellite markers were 
not equally efficient to show diversity within clone collections, it became apparent that using several markers, that 
is, a profile, was more beneficial. Pelsy and co-workers (2010) used micro-satellite profile for evaluating the intra-
varietal genetic diversity within wine grape varieties.  
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However, the genetic techniques are costly, labor-intensive and less spread in Romania, therefore, keeping in 
mind that the profile can give a more broad image on the relationships among various accessions, we have attempted 
to approach this parentage study from a different angle, by assessing the differences and similarities of the perceived 
volatile profile of the wines, as recorded by a GC flash chromatograph with two columns working on the principle of 
an electronic nose. 
2. Materials and methods 
The four Romanian grape varieties for quality white wines, Tamâioasa româneasca and Italian Riesling – varieties 
known from ancient times, and Sarba and Alb Aromat – varieties derived by cross-breeding or free-pollination from 
the previous ones, were cultivated in the same conditions in the plantation of the University of Agronomic Sciences 
and Veterinary Medicine of Bucharest. The vines are planted at 2.2/1.2 m distance and training system Guyot on 
mid-trunk with a load of 32 buds/vine. 
Tamâioasa româneasca and Italian Riesling were used as reference for the newer varieties Sarba and Alb Aromat. 
Tamâioasa româneasca is a muscat-type variety, closely related with Muscat blanc a petit grains, but considered 
autochthonous variety due to its long cultivation on this territory. The Italian Riesling, also known as Welschriesling, 
Grasevina, Laški Rizling or Olasz Riesling depending on the country, is a regional variety, mostly cultivated in 
Central and Eastern Europe, possibly originating from Romania.  
The grapes of all varieties were vinified by using the same technology, so that the assessment of their volatile 
profile with an electronic nose would reflect only their differences and similarities. Irrespective of the fact that some 
of the varieties are aromatic (Tamâioasa româneasca), semi-aromatic (Sarba and Alb Aromat) or neutral (Italian 
Riesling) during the winemaking process, for the reason of uniformity, all the wines were macerated on skins for a 7-
hour period. It is therefore expected that the volatile profile be specific for the varietal aroma in all final wines. The 
grapes were harvested on September 13, 2013, their acidity corrected in accordance to a procedure developed in our 
department (Cojocaru and Antoce, 2013) but not exceeding legal limits, analyzed before and after correction (Table 
1) and vinified the same day. The grapes, destemmed, crushed and treated with 50 mg/kg SO2 were separately 
vinified. In each vessel the grape mash was treated with the maceration enzyme Zymoclaire High CG 3 g/q, left 7 
hours for cold maceration at 4°C and then pressed and marc removed. In the remaining must, after a partial 
gravitational clarifying, 2 g/l tartaric acid was added and the inoculation performed with Montrachet re-hydrated 
yeast (25 g dry yeast/hl), a Saccharomyces cerevisiae yeast know to respect the characteristics of the grape variety, 
for a rapid onset of fermentation and a low production of sulfur compounds and volatile acidity. However, due to a 
difference in the sugar concentration of the musts and the progression of fermentation, the Sarba and Alb aromat 
wines were racked after 9 days from the day of harvest, while the Tamâioasa româneasca and Italian Riesling were 
racked after 14 days. After racking, the wines were all sulfited with a 60 mg/l dose of SO2. 
Table 1. Grape and must parameters of the four varieties 
Parameters 1RI 2TR 3Sar 4AA 
Grapes quantity, kg 6.240 5.310 5.900 6.005 
Before acidity 
correction 
YAN5, mg/l 32.2 52.0 28.2 37.8 
Reducing sugars g/l 245 250 242 202 
TA6, g/l (pH=7) 3.45 4.25 3.32 2.75 
pH 3.55 3.57 3.70 3.60 
After acidity 
correction 
TA6, g/l (pH=7) 5.40 6.21 5.38 4.80 
pH 3.18 3.27 3.35 3.21 
7Brix/TA 43.4 38.9 43.2 40.7 
7Brix*pH² 250.4 269.0 272.5 209.6 
1RI - Italian Riesling; 2TR - Tamâioasa româneasca; 3Sar - Sarba; 4AA - Alb Aromat; 5YAN = Yeast Assimilable Nitrogen; 6TA = Total acidity in 
tartaric acid, g/l; 7Grape maturation indices °Brix/%TA and °Brix x pH2 In European zones CII the grape maturation indices °Brix/%TA and 
°Brix x pH2 should be, for the white wines, in the optimal value range of 27-32 and 200-240, respectively. The optimal values may not always be 
reached due to legal limitations.  
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All the materials for winemaking were provided by Enologica Vason, Italy (www.vason.com).   
All the grape and must analyses were done in accordance with the OIV methods and are described, along with the 
equipment used, in a previous paper (Cojocaru and Antoce, 2013). 
The analysis with the electronic nose was performed on December 15th, 2013, 2 months from the harvest date. 
The e-nose equipment, acquired from Alpha M.O.S., France, is a dual-column flash gas-chromatograph, with a fast 
heating rate of 10°C/s. The apparatus is named by its producers Heracles Analyzer and is equipped with a Combi 
PAL Auto-Sampler System (CTC Analytics AG, Switzerland). Gas samples from the headspace, after pre-incubation 
10 min at 60°C are taken from each 10 ml vial containing 4 ml of wine and delivered by the auto-sampler to an inlets 
injector in which compounds flash evaporate. After passing through a pre-concentration TENAX adsorbent trap, the 
volatiles carried by the hydrogen are sent, equally, to two capillary chromatographic columns. The two columns 
have different polarities (DB5 apolar and DB1701 slightly polar), so that various volatile compounds are separated 
on both of them in the same time and detected by flame ionization detectors (FID) working in parallel. The 
analytical conditions for an automatic gas injection with a 2.5 ml HS syringe from the head-space are as follows: 
quantity of sample: 4 ml in a 10 mL vial, sampling duration 20 s, sample incubation 600 s at 60°C (agitation speed 
500 rpm, agitation on 5 s, agitation off 2s, final hold time 2 s, flushing time 90s), syringe temperature 70°C, fill 
speed 500 ȝl/s, injection volume 2500 ȝl, injection speed 270 ȝl/s, injection temperature 200°C, injection pressure 
0.1 psi, heater temperature 25°C, start time 1 s, stop time 1 s, sampling temperature 40°C, trap temperature 40°C trap 
pre-purge time 5 s, trap preheat time 20s, trap desorption temperature 250°C, trap purge time 50 s, injection duration 
1500 ms, back-out 50s, column temperature program 40°C (initial, hold time 2s) to 200°C (3s) with a rate of 5°C/s, 
column pressure program (initial pressure 16 psi, initial hold time 2s, rate 0 psi/s, final pressure 16 psi, final hold 
time 2s), FID temperature 220°C, FID fuel pressure 35 psi, Acquisition time 46 s,  time between 2 injections 5 min.  
The two chromatograms recorded are analyzed by specialized software (Alpha Soft ver. 12.42) which provides 
various tools for comparison studies. Some other results obtained with this type of equipment were presented 
elsewhere (Antoce, 2012, Antoce and Namolosanu, 2011). For this paper Discriminant Function Analysis (DFA) and 
Statistical Quality Control (SQC) Analysis were the data analysis techniques preferentially used. The collected 
chromatograms can also be processed as fingerprints characteristic of the volatile profile of the samples. 
3. Results and discussions 
The four varieties were studied in the university experimental plot and some of the main grape parameters were 
recorded. 
Table 2. The parameters of the grapes of the four varieties grown in the USAMVB plantation in 2013 
Parameters 1RI 2TR 3Sar 4AA 
No. of clusters/vine 25 17 22 19 
Average mass of a grape, g 105 141 184 173 
100 berry mass, g 135 235 225 295 
Yield, kg /vine 4.04 2.39 2.62 3.28 
1RI - Italian Riesling; 2TR - Tamâioasa româneasca; 3Sar - Sarba; 4AA - Alb Aromat. 
 
These parameters are correlated with the wine quality (the smaller the berry, the better the wine), but mostly they 
are important for the economics, so that yield is also important. The fact that Sarba, a descendent of Italian Riesling 
has a lower yield as compared with its parent may make the variety less attractive for some growers. But, in the wine 
industry, it is not the yield, but the overall aroma of the resulted wine which usually leads to higher profits. 
The assessment of the overall aroma of the four varieties with the electronic nose is hereafter presented and 
discussed. The samples were run twice and from each wine sample, 3 similar vials were analyzed each time (r1, r2 
and r3). The volatile compounds generate some chromatographic peaks which are later statistically analyzed in order 
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to select the most discriminant peaks, that is, the peaks that induce the differences in the overall aromatic profile. 
These peaks are hereafter used in the differentiation analyses.  
In Figure 1a the Discriminant Function Analysis of the four wines shows that, as expected from the general 
knowledge regarding the varieties parentage and relationships, Italian Riesling and Sarba have indeed closer/similar 
aromatic traits, while Tamâioasa româneasca and Alb Aromat have similar aromatic traits, but different from the 
other two varieties. 
 
Fig. 1. Discrimination Function Analysis of the four wines (Italian Riesling, Sarba, Tamâioasa româneasca and Alb Aromat): 
a. run in duplicate; b. from which the outliers Sar_r1 and TR_r3 were eliminated. 
The value of 99.88% indicated on the DF1 means that 99.88% of the variability of the initial data set is displayed 
along this horizontal axis (the discriminant function DF1 is, in fact, a linear combination of the data provided by 
several chromatographic peaks assigned to particular volatile substances which participate in the aroma profile of the 
analyzed samples). The data variability still present on the vertical axis (DF2 = 0.09%) is quite small, showing that 
those volatile compounds which are responsible for the differentiation of the samples along the vertical axis are of 
less importance for sample discrimination. It is clear that, along the DF1 axis (which is by far the most important for 
displaying the data variability) the varietal wines studied are grouped in two groups, one that we could call muscat 
aroma varieties and another that could be called low aroma varieties.  
We must note that some degree of similarity among the varieties may also be induced by some of the oxidative 
notes present in certain samples, as the peaks of these volatile compounds could not be removed from the analysis. 
The electronic nose employed does not allow the identification of separate substances, but only provides a 
global/overall profile of the volatile substances of the samples.   
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Therefore, taking a closer look at each sample run, it was found reasonable to consider that samples Sar_r1 and 
TR_r3 are outliers. Due to these outliers, some chromatographic peaks which otherwise would have been useful for 
sample discrimination were not taken into account during the statistical analysis, and as a result the aromatic profiles 
appeared to vary only along a single axis (DF1). After excluding the outliers and reanalyzing the data from the 
second run, the result given in Figure 1b was obtained. This result shows that actually TR, Sar and AA have 
common traits as far as the volatile profile is concerned, and it is logical to assume, also based on sensory 
assessments, that the similarities in the aroma of the three wines is mainly due to the dominance of the monoterpenic 
notes in the overall aroma. The discrimination, this time, is better displayed on both axes, the volatile compounds 
included in the DF2 (28.22%) being also significant and most likely related to muscat type aroma. 
This result, which brings the volatile profile of Sarba closer to Tamâioasa româneasca and its descendant Alb 
Aromat, appears to confirm the assumption that Sarba is not only a descendent of the Italian Riesling, but is also a 
hybrid of Tamâioasa. 
A Statistical Quality Control Analysis was also performed (Fig. 2), in which we determined the distance, in odor 
units, between the overall aroma of some samples and that of a reference sample. We observe that, when taking the 
aromatic profile of Italian Riesling as the reference, the closest variety is again its descendent Sarba, followed by 
Tamâioasa. The Alb Aromat is outside of the field in which RI, Sarba and TR is included, this variety being the most 
distinct in this group. The grey area in Fig. 2 includes the common profile wines, while AA showed a specific profile 
that differs from all the other samples. This Riesling and Sarba being again closer in odor units, while Aromat and 
Tamâioasa being more distant from the Riesling confirms the Riesling as a parent for Sarba.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Statistical Quality Control (SQC) Analysis of the four wines (Italian Riesling, Sarba, Tamâioasa româneasca and Alb Aromat)  
preformed against the Italian Riesling as reference 
In order to establish if Sarba variety is identified by the electronic nose as having an aromatic profile close to 
Tamâioasa româneasca, the DFA Analysis was performed again, but this time all the Sarba wines were not defined 
as a group, but as unknown samples. As we can see in Figure 3a, all the Sarba samples were placed in between the 
group created by Tamâioasa româneasca samples and the group which includes the Italian Riesling samples, 
confirming the assumption that these cultivars are at the origin of this new variety. 
However, when both newer varieties, Alb Aromat (AA samples) and Sarba (Sar samples) were set as unidentified 
wines, both placed themselves closer to the most likely genitor Tamâioasa româneasca for Aromat and Italian 
Riesling for Sarba (Fig. 3b). 
 
 
Alb Aromat Tamâioasa româneasca 
Italian Riesling 
Sarba
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Fig. 3.  Discrimination Function Analysis of of the four wines (Italian Riesling, Sarba, Tamâioasa româneasca and Alb Aromat) in which: 
a. Sarba samples were set as unknown samples; b. Alb Aromat and Sarba samples were set as unknown samples. 
4. Conclusions 
The analysis of the volatile profile of the young wines of the Romanian autochthonous varieties Sarba and Alb 
Aromat proved to be useful to establish the parentage of these varieties. The discriminant function analysis of the 
volatile profiles, performed both with Sarba and Alb Aromat samples as groups of known wines and as independent 
samples of unknown origin, in the presence of the groups of wines from Italian Riesling and Tamâioasa româneasca, 
confirmed that Sarba is likely to have a parent-offspring relationship with both Italian Riesling and Tamâioasa (or 
other muscat-type grape), while the Alb Aromat has a closer profile only to Tamâioasa. So far, in the scientific 
literature, no reference to Tamâioasa româneasca as a parent of Sarba was made, but the fact that in the Vitis 
International Variety Catalogue Muscat of Hambourg is one of the pedigree ancestors confirmed by markers, makes 
this hypothesis more credible. Same as Tamâioasa româneasca, Muscat of Hambourg is also a terpenic variety, 
therefore it is likely that both varieties have common genetic markers. Tamâioasa româneasca is more probably the 
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ancestor of Sarba and not Muscat of Hambourg, because in the origin place of Sarba (Odobesti vineyard) Tamâioasa 
româneasca was a common variety.  
For Alb Aromat, the analyses also confirmed that Tamâioasa româneasca is among its ancestors, but the other 
possible ancestor, Incrocio Pirovano 165 (Maria Pirovano), mentioned in the international databases, could not be 
confirmed, as the variety is not available in our collection.   
More detailed studies are needed to confirm the exact parentage of these two grape varieties, as well as the 
applicability of the electronic nose as a fast and economic, but at the same time adequate instrument, for assessing 
parentage relationships among grape varieties. 
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